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(g) Detecting and treating myocardial infarctions in antitachy- arrhythmia and bradycardia pacing 
device. 



(§7) An apparatus and method are disclosed for treating a patient who is at risk of suffering a myocardial 
infarction (Ml). Electrical activity of the patient's heart is sensed and signalled in order to detect the 
presence of an Ml, and a thrombolytic drug is released into the bloodstream upon such detection. The 
apparatus and method optionally include provisions for sensing fibrillation, tachycardia and bradycar- 
dia of the heart and supplying corrective therapy in response thereto. Sensors may be employed to 
sense and signal mechanical activity of the heart, concentrations of selected ions in the patient's blood 
and selected serum enzyme in the blood, and the sensed signals used to supplement the sensed 
electrical activity signal in providing for recognition of the Ml. 



Europaisches Paten tarn t 
@ European Patent Office 

Office europeen des brevets 



(0 



Q. 

UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 467 695 A2 



2 



The present invention relates to a method and 
apparatus for detecting and treating myocardial 
infarctions in an implantable antitachyantiythmia 
and/or bradycardia pacing device. 

The term myocardial infarction (Ml) refers to 
death of myocardial tissue resulting from an insuffi- 
ciency of blood supply in either a relative or an abso- 
lute sense. This can occur in the form of 
micro-infarcts, or on a larger scale. 

In the classical acute Ml there is a sudden occlu- 
sion of a coronary artery due to thrombosis resulting 
in the death of part of either the right or left ventricular 
wall. The thrombus occurs due to atheromatous 
changes in the blood vessel wall. In a variant form, the 
infarct is due to spasm of a coronary artery producing 
sufficient narrowing of its lumen, and thereby blood 
carrying capacity, to cause damage. 

In many cases death occurs within minutes of 
ischemic symptoms before any acute myocardial nec- 
rosis can be diagnosed or demonstrated. It has been 
found that in the United States alone, death due to Ml 
occurs in approximately 500,000 persons per year. 
Furthermore, it has been found that a large number of 
people who have experienced Mi's are at the risk of 
suffering from a further infarct. 

It is now recognized that the process of coronary 
artery thrombosis can be reversed with agents that 
lyse the bloodclot There are identifiable patients who 
may be saved from the danger of further infarction 
and/or sudden death by thrombolytic therapy, pro- 
vided there is minimal delay (less than forty minutes) 
between coronary artery occlusion and the onset of 
therapy. However, it has been shown that some 
benefit may be derived from therapy applied up to six 
hours after the onset of the Ml. 

An Ml is usually accompanied by chest pain 
(angina). This is the key symptom that drives a patient 
to seek medical help. In these cases the self-detection 
of a heart problem by the patient results in the patient 
being transported to a hospital or medical center as 
soon as possible for diagnosis and treatment At 
times, due to the suddenness of the Ml, the whereab- 
outs of the patient, transportation difficulties, or other 
factors, there is not sufficient time available for treat- 
ment to be initiated. The patient's death or irreparable 
damage to his heart becomes unavoidable. At other 
times there is no chest pain, or chest pain may occur 
well after the actual occlusion, or the patient may be 
unable to respond to the pain due to unconscious- 
ness. 

Accordingly, there is a need for a device for 
detecting Ml at onset by objective methods without 
the need for relying on the patient's chest pain as an 
instigator for causing the patient to proceed to a medi- 
cal diagnosis center. This device must be able to warn 
the patient of his perilous state and to initiate therapy 
to minimize the effect of the infarct or to abort the 
infarct. 



Ml DETECTION 

Present methods of detecting Mi's are based on 
clinical examination, electrocardiographic changes, 
5 enzymatic and metabolic changes, two-dimensional 
echocardiography, wall movement abnormalities, 
radionuclide imaging and scanning, magnetic reso- 
nance imaging, haemodynamic changes and the pre- 
sence of fibrillation. 

10 

Clinical Examination 

The first indication of an Ml is usually the particu- 
lar symptoms experienced by the patient These 

15 alone are not reliable indicators as they may be similar 
to those of patients having experienced prolonged or 
severe angina attacks (an eposide of ischemia), or 
intermediate coronary insufficiency syndrome. 

Typically, the patient appears complaining of a 

20 crushing retrosternal chest pain that radiates up into 
the neck and down the arms. The patient is usually 
pallid and sweaty. On examination, there are no signs 
specific to an acute Ml. The patient may be hypoten- 
sive or hypertensive, bradycardic or tachycardia 

25 Arrhythmias are often present. Signs of heart failure 
are frequently seen. 

Electrocardiographic Changes 

30 ST Segment Changes 

The ST segment is the portion of the ECG be- 
tween the end of the QRS complex, also called the J 
point, and the commencement of the T wave. 

35 During an Ml, the earliest change seen in the sur- 

face ECG is inversion of the T wave. This occurs as 
early as 1 5 seconds after the interruption of coronary 
flow. This is followed quickly by ST segment ele- 
vation, and reversion to upright T waves (on the same 

40 side of the iso-electric line as the original T waves), 
with increased amplitude. The R-wave amplitude 
increases and the S wave amplitude decreases. 

It has been found that the TQ-ST segment 
changes in the first few hours following an infarction 

45 may be due to progressive electrical and biochemical 
dysfunction of the cell membrane due to ischemia. In 
early ischemia (0-20 minutes), the changes may be 
due to the extracellular accumulation of potassium. 
The decrease in the magnitude of the TQ-ST segment 

so deflection in the hours, or days, after acute Ml, may 
be in part due to the loss of electronic coupling be- 
tween the myocardial cells. ST segment elevation is 
indicative of epicardial injury and implies the presence 
of a zone of damaged myocardial tissue. The expla- 

55 nation for ST changes depends on the existence of a 
boundary between damaged and normal tissue. 

Such a zone, with varying and abnormal electrical 
characteristics, results in abnormal current flows dur- 
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ing both electrical systole and diastole. The injured 
region is either incompletely repolarized or in a state 
of complete depolarization. Experiments involving 
intracellular recordings have confirmed that incom- 
plete repolarization exists in the area of injury during 
electrical diastole. It would appear that the ratios of 
intracellular to extracellular K + and Na + ions may 
affect these ST segment changes. 

Q- and R-wave Changes 

The Q-wave is the initial negative deflection of the 
QRS complex and represents ventricular depolari- 
zation. The appearance of a Q-wave represents the 
loss of electrically active myocardium. 

The present inventors have demonstrated that an 
initial increase in R-wave amplitude occurs within five 
minutes from the onset of chest pain. Significant loss 
of the R-wave is detectable at thirty minutes, and is 
complete within six hours of the onset of chest pain. 
After twelve hours from the onset of chest pain, 
changes in the R/S ratio, and renewed appearance of 
Q-waves cannot be detected using precordial map- 
ping. 

While there may be a significant reduction in ST 
segment elevation in surface ECG's immediately after 
successful recanalization, it has also been found that 
new Q-waves and/or R-wave reduction often appear 
in recanalized patients. 

It has also been observed, by means of precordial 
mapping, that the size of the infarct may be defined. 
Precordial mapping has also shown consistent 
changes in the ST segment, Q-wave development 
and the loss of R-wave amplitude. 

Biochemical Changes 

The result of an Ml is the death and then autolysis 
of myocardial cells. The cellular contents are released 
into the interstitial fluid and diffuse into the blood 
stream. Larger molecules enter the blood stream 
more indirectly via the lymphatics. Cells that have suf- 
fered ischemic damage will also leak some of their 
cellular contents even though they may ultimately 
recover from the insult. Profound disturbances of 
membrane function occur with ischemia; especially in 
the function of the ionic poumps. 

The presence of these cellular contents in the 
bloodstream can be determined by biochemical 
assay. Most of the contents of myocardial cells, e.g. 
Mg + , Na + and K + ions, are present in other cells and 
in the blood stream at a steady concentration. How- 
ever a sudden rise in their concentration is a key indi- 
cator of cellular damage. There are some molecules 
that are found principally in myocardial cells that can 
be used to specifically diagnose cellular damage; e.g. 
the so-called "cardiac enzymes" such as the creatine 
kinase MB fraction. 



There are other biochemical markers of an Ml. 
There are major metabolic responses and adap- 
tations to an Ml that produce detectable biochemical 
changes in the blood. An Ml usually initiates a mas- 

5 sive outpouring of catecholamines and is associated 
with major changes in the normal mechanisms of cel- 
lular energy exchange. Serum lactate, inorganic 
phosphates, pH, and free fatty acids are known as 
variants with Mi's. However, of the biochemical 

10 changes used in the diagnosis of Ml, the following 
have been shown in studies to be the most useful. 

CPK-MB 

15 Creatine kinase isoenzyme MB (CPK-MB) is 

found predominantly in the myocardial cell. It is one 
of a family of enzymes present, in one form or another, 
in all muscle cells. CPK-MB is released into the blood 
stream with damage to, or death of, myocardial cells. 

20 There is normally little or no CPK-MB detectable 

in blood; there is normally a detectable level of other 
CK isoenzymes. 

Other factors can cause an increase in serum 
CPK-MB levels. These could be an increase in serum 

25 CPK-MB due to either cardiac injury, other than acute 
myocardial infarction, or a decreased clearance of 
enzyme, or the presence of rare malignancies. It has 
been shown that if the CPK-MB/total CPK ratio of 80 
ng/U was used for differentiating myocardial necrosis 

30 from muscular injury, no AMI would be missed and no 
trauma would be falsely treated. Therefore, it is the 
ratio of CPK to CPK-MB which is important in Ml 
detection. In addition, massive increases in CPK-MB 
alone are also diagnostic of an AMI. 

35 Success in reperfusion can be monitored by 

changes in the CPK level, because serum CPK-MB 
rapidly increases immediately after recanalization, 
reaching an early peak. Peak serum levels are 
reached in approximately fifteen hours in successfully 

40 recanalized patients and twenty six hours in the 
unsuccessful patients. After successful reperfusion, 
the levels rise within seconds of recanalization of the 
occluded coronary artery. 

It has been found that serum CPK-MB does not 

45 increase after an electrical countershock. This is 
therefore not likely to impair detection of an evolving 
myocardial infarction. 

It would appear that CPK-MB is valuable not only 
as an indicator of acute myocardial infarction, but also 

so as an indicator that reperfusion has occurred. 

Potassium Ions 

K + , Na + , and Ca 4 * ions are the major ions involved 
55 in the electrical conduction of the heart. \C is the pre- 
dominant intracellular electrolyte, while Na + and Cl~ 
are the predominant extracellular electrolytes. 

One of the earliest events in ischemia is a rise in 
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serum K + level, with concomitant cell membrane 
depolarization. This occurs within seconds after 
occlusion. It appears that depolarization alters the 
excitability of the cells, thus setting the stage for the 
development of arrhythmias. 

It has been found that, during the first minute fol- 
lowing occlusion of arterial flow, conduction of the 
action potential into the ischemic region is acceler- 
ated and the current threshold for late diastolic 
threshold excitation is reduced. After that, conduction 
is reduced while the threshold current increases. It 
appears that this electrophysiological effect is due, in 
large parts, to a rise in extracellular K + level linked with 
intracellular accumulation of Ca^ ions. Thus, the 
increase in serum K + level seen with an AMI can be 
used to assist in making the diagnosis of AMI. 

Observations have shown that many episodes of 
VT/VF occur as a result of ischemia. Cellular calcium 
loading may affect the generation of arrhythmias 
when an Ml or ischemia is present The depolarization 
of myocardial cells in acute ischemia is due, in part, 
to excel! ular accumulation of potassium and intracel- 
lular accumulation of calcium. 

As potassium is found in many other tissues and 
fluids within the body, it is necessary for sensors link- 
ing potassium changes with an infarction to differen- 
tiate those changes from those which occur due to 
other causes; e.g. diabetic ketoacidosis or other 
metabolic abnormalities. This can be done by using K + 
changes in relationship to other sensed events, e.g. 
ST changes and/or a rise in CPK-MB, or by sensing 
K + concentrations at two sites; one a large vein to ref- 
lect average whole body extracellular levels and one 
within the right ventricle to reflect any changes in 
blood being returned from the coronary circulation via 
the coronary sinus. Sensing changes in the concen- 
tration of K + allows a more rapid response to an AMI. 
The use of the other sensors reduces the possibility 
of false positive activations of the device. It is prefer- 
able to include a lead in the SVC to compare with the 
other sensor values. 

Wall Movement Abnormalities (WMA's) 

Post Ml, the infarcted section of the heart wall can 
be seen to move less (hypokinetic), stop moving 
(akinetic), or move in a disordered manner (dyskine- 
tic) as compared to normal movement Such abnor- 
malities can be observed by most imaging systems 
used in cardiology, and have been extensively 
studied by conventional and digital angiography, 
radionucleotide imaging and echocardiographic 
means. These studies have shown that assessment 
of WMA's are an excellent indicator of an Ml and are 
also useful for assessing the effect of thrombolytic 
therapy. 

Studies of WMA's have shown that an infarct has 
a global effect on the mechanical movements of the 



heart, thereby enabling one sensor to be affected by 
an infarct in any position. Implantable sensors that 
can detect WMA are already available. A sensor sys- 
tem that can be used is an accelerometer placed on 

5 the tip of an intracardiac lead located on the septal 
wall. Alternatively, a sonomicrometric system can be 
used. Ultrasonic transducers are located in the tips of 
two screw-in leads placed on the ventricular wall and 
the separation between the two transducers is used 

w as an indicator of the mechanical function of the heart. 

Two-Dimensional Echocardiography 

This procedure is used for determining the 
15 occurrence of WMA's after an Ml. External transduc- 
ers are used for the detection of increased left ven- 
tricular end diastolic volume and end systolic volume. 
The detection of WMA is performed by a trans- 
esophageal echocardiographic transducer enabling 
20 continuous monitoring during the evolution of Mi's. 
The procedure is normally performed at the patient's 
bedside and has more specific application in the 
detection of a left ventricular mural thrombus. 

25 Radionuclide Imaging 

Radionuclide imaging involves the injection of Te- 
chnetium-99m (TC-99m) pyrophosphate. The 
radioactive material is absorbed or adhered selec- 

30 tively to areas of recent myocardial necrosis and 
allows the application of imaging techniques for Ml 
detection. Due to the limited resolution of simple pla- 
nar images, the method is more useful for large 
infarcts that tend to be easily diagnosed by other 

35 methods. Single photon emission computed 
tomography has been used in association with the 
technique for revealing the size of the infarct 

Thallium-201 Scanning 

40 

Thallium-201 scanning reveals myocardial perfu- 
sion. The technique shows abnormal perfusion in 
patients with acute or old Mi's. It has been shown to 
have about a sixty percent success rate in cases of 

45 proved Ml. However, false negatives tend to appear 
with inferior infarcts and in ones with lower CK levels 
(peaks less than 3 times the upper limit of normal). 
Additionally, false positives are a frequent occurrence 
with the technique. 

so As with radionuclide imaging, the method 
requires large and expensive instrumentation for its 
application. 

Magnetic Resonance Imaging 

55 

Magnetic resonance imaging is used for provid- 
ing images of acute Mi's. With ECG synchronization, 
infarcts are evident as areas of high signal intensity 
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and prolonged relaxation times. 
Haemodynamic Changes 

Myocardial ischemia is commonly associated 
with changes in blood pressure, being either elevation 
or depression. A detection method for Ml has been the 
continuous monitoring of blood pressure. However, 
this method has been regarded as unreliable due to 
other factors, such as pain, which cause variations in 
blood pressure. 

Another haemodynamic measurement that has 
been used in Ml detection is pressure in the left 
atrium. Indirect measurements have been taken with 
a Swann-Ganz catheter measuring the pulmonary- 
capillary wedge pressure which is considered as 
being equal to the left atrial pressure. Variations in the 
left atrial pressure correspond to variations in the left 
ventricular end diastolic pressure which increases at 
the onset of an Ml. 

The left ventricular end diastolic pressure may 
also be measured via a catheter introduced into the 
aorta. Left atrial pressure may be measured directly 
in those individuals who have had to undergo open 
heart surgery by introducing a catheter into the left 
atrium at the time of surgery. This method is not regar- 
ded as highly reliable, as an Ml is not always 
associated with an increase in left ventricular end 
diastolic pressure. This method is also limited by its 
invasive nature. 

All of the above detection methods include exter- 
nally operated devices or methods. This may require 
a visit by the patient to a hospital or medical center fol- 
lowing the onset of an acute Ml. Many patients appear 
for treatment only after irreversible damage has been 
done to the myocardium. In some cases, the severity 
of the Ml causes patient death before detection and 
treatment in the hospital or medical center. The 
methods are all external, non-automatic, and tempor- 
ary and may require large and expensive equipment. 
Further, when these methods are used singly, each 
has its own false negative and false positive diagnosis 
rate. Also, certain temporary invasive procedures 
may be undesirable and time-consuming and may not 
have high reliability when used as a per se Ml detec- 
tion method. 

Ventricular Tachycardia and Fibrillation 

Ventricular tachyarrhythmias occur in patients 
with acute Ml. VT is frequent in about ten percent and 
VF in about fifteen percent of patients. Ectopic beats 
are known to occur in the ventricle in over ninety per- 
cent of patients suffering an acute Ml. Ventricular 
tachyarrhythmias may be the result of delayed con- 
duction through damaged myocardium or due to enh- 
anced automaticity (which involves an increased 
intrinsic discharge rate) of damaged ventricular cells, 



or may be due to the dispersion of refractory periods 
seen in damaged myocardium. 

The association between acute Mi's and ventricu- 
lar tachyarrhythmias establishes the need for an 
5 implantable antitachyarrhythmia device which not 
only detects tachyarrhythmias and provides anti- 
tachyarrhythmia therapy, but also detects Mi's and 
provides therapy for acute Mi's. 

10 Thrombolytic Drug Therapy 

Thrombolytic drug therapy is commonly used in 
treating acute Mi's. The purpose of the therapy is to 
reopen the occluded artery and restore perfusion to 

15 the infarcted area with minimal delay so as to prevent 
or arrest myocardial damage. 

Thrombolytic agents act by a common mechan- 
ism; they all activate plasminogen, which is the zymo- 
gen of plasmin. Plasmin is a serine protease that 

20 digests fibrin, the principal component of a blood clot. 

Streptokinase is widely used as a thrombolytic 
agent, and acts indirectly by forming a streptokinase- 
plasminogen complex thereby converting plasmino- 
gen to plasmin. Its effectiveness has been proven in 

25 several large trials (e.g. G.I.S.S.I. "Effectiveness of 
Intravenous Thrombolytic Treatment in Acute 
Myocardial Infarction" Lancet I: 397-401 (1986). 
I.S.I. S.-2 "Randomized Trial of Intravenous Streptoki- 
nase, Oral Aspirin, Both or Neither Among 17,187 

30 Cases of Suspected Myocardial Infarction: ISIS-2" 
Lancet II: 349-360(1988)) 

Tissue plasminogen activator (TPA) has been 
shown to re-open occluded arteries in a high percent- 
age of cases. This is a plasminogen activator which 

35 is found in human endothelium that is now produced 
via recombinant DNA technology. In vivo, it acts prin- 
cipally in the thrombus matrix and activates tissue- 
bound plasminogen. When infused, it will activate 
plasminogen in the presence of fibrin. 

40 Anisoylated streptokinase plasminogen activator 

complex (APSAC) comprises a complex of a molecule 
of streptokinase linked to one of plasminogen with an 
anisoyl group covering the compound's active site. 
The compound is deacylated in vivo; the two portions 

45 are cleaved in the blood stream allowing the streptoki- 
nase to become active. 

Single-chain urokinase plasminogen activator, or 
pro-urokinase, is a single-chain precursor of urokin- 
ase which has a strong affinity for plasminogen and 

so activates plasminogen directly in the presence of fib- 
rin. 

There is a need for an implantable device which 
automatically applies thrombolytic drug therapy in 
response to detection of the onset of coronary artery 
55 thrombosis. The thrombolytic drug may be delivered 
separately or in combination with other drugs such as 
an antiarrhythmia agent or a beta-blocking drug. The 
determination depends on clinical efficacy, stability of 
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the drugs during storage, whether the dose should be 
applied as a bolus or by continuous infusion, and the 
total volume of the drug and its solution. 

It is preferable that the automatic Ml detection 
and drug delivery device be in combination with an 5 
implantable pacer defibrillator/cardioverter. However, 
it may also be structured as an external system. 

Other Drug Therapy 

10 

The use of both nitrates and beta blockade have 
been shown to be of benefit in the management of Ml. 
Nitrates are the treatment of choice for reversing coro- 
nary artery spasm. The reduction in mortality after an 
Ml due to the use of beta blockers is well known. 15 
There is the suggestion that early treatment with 
those agents may be of added benefit. 

Antiarrhythmic drugs are frequently used in the 
treatment of the arrhythmias that occur during and 
after an acute Ml. 20 



ever, the device does not disclose any sensor capable 
of detecting Mi's. Furthermore, the system does not 
disclose any method of treatment of Mi's, i.e. throm- 
bolytic drug therapy. In the management of AMI, the 
system is limited to overdrive pacing and antiar- 
rhythmic agents on a temporary basis with the 
assumption that an Ml is merely a "transient" condi- 
tion. Furthermore, the device is unable to provide 
defibrillation therapy to revert the ventricular tachyar- 
rhythmias associated with Ml. 

In addition, in U.S. Patent No. 4,146,029 the 
algorithms which control the rate of infusion are pro- 
grammed into the implanted unit. Thus, the algorithms 
in the device cannot be upgraded without surgery. 
The extra-corporeal controller in the system is limited . 
to selecting a particular one of several medication pro- 
grams. A problem therefore exists in that the prog- 
rams in the device cannot be altered. 

Terminology 



Prior Art Patents 

U.S. patent No. 4,750,494 to King entitled "Auto- 
matic Implantable Fibrillation Preventer" discloses 25 
sensor technology using a potassium sensor for pre- 
diction of ventricular fibrillation. 

European Patent Application 87300496-4 by 
Goor describes an apparatus and method for detect- 
ing myocardial ischemia by monitoring systemic vas- 30 
cuiar resistance. Myocardial ischemia is considered 
to be present when the systemic vascular resistance 
increases by at least sixty percent. The apparatus 
comprises a flexible catheter tube inserted into the 
artery and a micro-manometer embedded in the outer 35 
face of the wall of the catheter. The outer face of the 
embedded micro-manometer is directly exposed to 
the blood in the artery. The technique monitors the 
systemic vascular resistance as described in U.S. 
Patent No. 4,429,701 to Goor. 40 

U.S. Patent No. 4,146,029 entitled "Self-Powered 
Implanted Programmable Medication System and 
Method" to Ellinwood discloses an implanted medi- 
cation system with some external control. In this par- 
ticular system, a sensor which may be either internal 45 
or external is arranged on the body to sense some 
kind of physiological, chemical, electrical or other con- 
dition at a particular site in the body, thereby providing 
data corresponding to the sensed condition at the 
sensed site. The data is then channeled to an implan- so 
ted, microprocessor controlled medication dispensing 
device. A predetermined amount of medication is then 
dispensed in response to the sensed condition 
according to a pre-programmed algorithm in the 
microprocessor control unit. 55 

The system also has an extra-corporeal coding 
pulse transmitter for selecting between different 
algorithms in the microprocessor control unit. How- 



As used herein, antitachycardia pacing will mean 
any pacing forthe reversion of tachycardia. Tachycar- 
dia refers to any fast abnormal rhythm of the heart 
which may be amenable to electrical discharges and 
specifically includes ventricular tachycardia (VT), 
supraventricular tachycardia (SVT), ventricular flutter 
and/or ventricular fibrillation (VF) and may include 
atrial fibrillation or flutter. 

The term therapy as used herein includes the pro- 
cesses used between the detection and reversion of 
a tachyarrhythmia and includes the actions of anti- 
tachycardia pacing, cardioversion and/or defibrillation 
shocks. The term cardioversion refers to the dis- 
charge of electrical energy into the cardiac tissue in 
an attempt to terminate or revert a tachyarrhythmia. 
This may take the form of a high energy discharge (up 
to 40 Joules of more) or a low energy discharge (less 
than 1 Joule). Cardioversion shocks may or may not 
be synchronized to the rhythm of the heart. Defibril- 
lation is a particular example of cardioversion. 

This invention applies equally to devices which 
deliver energy synchronized to an R-wave and to 
those that do not, and applies to devices which use 
lower energy pulses (up to 1 Joule) as well as to 
devices which use higher energy pulses (up to 40 
Joules or more). The invention applies to devices 
which deliver cardioverting shocks alone as well as to 
devices which deliver antitachycardia pacing pulses 
alone or in combination with cardioverting shocks. 
The invention will usually apply to ventricular implant- 
able cardioverters, but is equally applicable to atrial 
cardioverters or multiple chamber cardioverters or 
defibrillators. The invention applies also to the deliv- 
ery of any antitachycardia pacing pulse and post- 
reversion pacing therapy. 

Tempi ating refers to a technique for storing a 
reference segment of signal and then using this seg- 
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ment to find subsequent changes in later signals 
obtained from the same source. 

It is an object of the invention to provide a device 
capable of achieving a significant reduction in mor- 
tality due to coronary artery disease by the early 
detection, diagnosis and treatment of Mi's. 

It is a further object of the invention to provide a 
device which reduces the incidence of death due to 
ventricular tachyarrhythmias and congestive heart 
failure. 

It is a further object of the invention to provide a 
greater reduction in patient mortality as a result of Ml 
or associated ventricular tachyarrhythmias over that 
obtained with existing diagnoses and therapies. 

It is a further object of the invention to provide a 
device for detecting Ml at onset by objective methods 
without the need for relying on a patient's chest pain 
as an instigator for proceeding to a medical diagnosis. 

It is a further object of the invention to provide an 
implantable automatic device for the detection of Ml. 

It is a further object of the invention to provide an 
implantable automatic device for the detection and 
the treatment of Ml. 

It is a further object of the invention to provide an 
implantable automatic device for the detection and 
the treatment of Ml in combination with a defibrillator 
and pacing device. 

It is a further object of the invention to provide a 
device which detects Mi's and provides the approp- 
riate therapy with minimal delay between the onset of 
an Ml and the application of the therapy. 

It is a further object of the invention to provide an 
implantable device which automatically detects and 
diagnoses Mi's and provides appropriate therapy by 
means of a drug storage, loading, and pump system. 

It is a further object of the invention to provide a 
programmable medical device which automatically 
detects and diagnoses Mi's, provides either the 
appropriate thrombolytic therapy or monitors the need 
to apply such therapy, and which delivers electrical 
energy to cardiac tissue in an attempt to revert 
tachyarrhythmias and restore normal sinus rhythm 
and provides bradycardia therapy should it be 
required. 

According to the invention, there is provided an 
implantable medical device comprising means for 
detecting the presence of a myocardial infarction. The 
device may include means for alerting the patient 
when an Ml is detected, and means for applying Ml 
therapy to treat the patient 

There is further provided an implantable medical 
device comprising means for detecting tachyar- 
rhythmias and means for providing antitachyar- 
rhythmia therapy along with means for detecting the 
presence of an Ml, means for applying Ml therapy and 
means for alerting the patient of a detected Ml. 

Preferably, the Ml detecting means includes at 
least two sensing systems. Preferably it includes a 



series of sensing systems which comprise an elec- 
trocardiographic sensor, a mechanical sensor, a 
serum enzymatic sensor, and a serum ion/metabolite 
sensor. 

5 The electrocardiographic sensor preferably 

measures ST segment changes, Q-wave changes or 
R-wave amplitude changes, or a combination of 
these. 

The serum enzymatic sensor preferably meas- 

10 ures changes in CPK-MB. 

The ionic sensor preferably measures changes in 
potassium levels. 

The device also includes means for storing a drug 
along with an infusion means for dispensing the drug 

is from its storage to the patient in response to the detec- 
tion of an Ml condition. The drug may be one or a com- 
bination of thrombolytic drugs and may also include 
one or more antiarrhythmic agents and/or nitrates 
and/or other cardiovascular drugs. 

20 Preferably the device includes means for moni- 

toring the reversion of an Ml following application of 
Ml therapy so that therapy is stopped at a successful 
reversion. Electrocardiographic changes are monit- 
ored by a combination of ST segment changes, Q- 

25 wave changes, and R-wave amplitude changes. 

The device is preferably externally programm- 
able to vary detection and therapy application criteria. 
For example with respect to a serum enzymatic sen- 
sor, there may be a programmable value for the CPK- 

30 MB/total to CPK ratio that is alterable to reflect 
alterations in this ratio due to chronic myocardial 
ischemia. Preferably, the apparatus has the capacity 
to be programmed to automatically adapt to alter- 
ations in the baseline values and morphology (tem- 

35 plating) of the sensed parameters. For example, 
programmable potassium levels may be provided for 
the ionic sensor to vary the base line criteria. Simi- 
larly, the response of the device to the patient's elec- 
trical rhythms may be programmable including the 

40 ability to activate an automatic learning mode. Elec- 
trocardiographic values may be regularly measured to 
establish a baseline for a particular patient. 

The invention also provides a method of treating 
Ml in an implantable medical device comprising the 

45 steps of detecting the presence of an Ml; alerting the 
patient to the presence of an Ml; and applying Ml 
therapy to treat the Ml. 

Additionally, the invention provides a method of 
treating Ml in an implantable antitachyarrhythmia 

so device comprising the steps of detecting the presence 
of an Ml; alerting the patient to the detected Ml; apply- 
ing Ml therapy to treat the detected Ml; detecting the 
presence of a tachyarrhythmia; and applying anti- 
tachyarrhythmia therapy to treat a detected tachyar- 

55 rhythmia. 

Preferably the method also includes the steps of 
detecting a bradycardia condition and applying 
bradycardia pacing therapy in response to a detected 
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bradycardia condition. 

Further objects, features and advantages of the 
invention will become apparent upon consideration of 
the following detailed description in conjunction with 
the drawings, in which: 5 
FIG. 1 is a block diagram of an apparatus for 
detecting and treating Ml in an antitachyar- 
rhythmia and bradycardia pacing device in 
accordance with the invention; 
FIG. 2 is a flowchart for the detection of Ml in an 1 o 
implantable device in accordance with FIG. 1; 
FIG. 3 is a block diagram of an external apparatus 
for detecting and treating Ml including anti- 
tachycardia and bradycardia supports features; 
and 15 
FIG. 4 illustrates detection of an acute Ml in a LAD 
animal model. 

Referring to FIG. 1, an implantable apparatus 10 
for treating and detecting myocardial infarction 
(including antitachycardia and bradycardia pacing cir- 20 
cuits) is connected to the heart 11. A first lead 12, 
which may have its electrode positioned in the atrium, 
superior vena cava ventricle or on the cardiac surface, 
is connected to a suitable electronic switch 14 within 
apparatus 10. In the illustrated embodiment lead 12 25 
advantageously extends into the right ventricle, 
where it may be used for sensing and pacing. 

Another lead 18 which terminates in a cardiac 
surface patch 20 is also connected to switch 14, thus 
providing cardiac surface traces and a preferred elec- 30 
trode for defibrillation. In addition to the existing leads 
(12 and 18), there may be added up to six or more 
other sensing leads in order to reduce "false negative" 
readings and increase the efficiency of the device's 
ability to sense. 35 

An example may include three additional sensing 
leads which are "massless" in the sense of having a 
small area sensing tip of Teflon coated wire. These 
would be subcutaneous leads that are tunnelled in at 
the time of implant Two electrodes would be placed 40 
at the front of the chest with one being located over 
the fourth or fifth intercostal space, and the other 
being located over the fifth or sixth intercostal space; 
the third electrode would be placed at the patient's 
back over the seventh or ninth intercostal space, on 45 
either the right or left side. 

Switch 14 is bi-directional in that signals from the 
heart carried by leads 12 and 18 are brought into 
apparatus 10 while electrical therapy for the heart 11 
from apparatus 1 0 is routed through switch 14 to the 50 
heart 1 1 , as more fully described below. 

Signals from the heart 11 which travel through 
switch 14 are filtered in a filter 22. The output of filter 
22 is provided to the digitizing input of a microproces- 
sor 24 and a separate parallel processor 26. Parallel 55 
processor 26 may contain a memory 28 in which pro- 
cessing of signals recovered from the heart may occur 
under the control of microprocessor 24. Processing in 



parallel processor 26 may occur in a manner similar 
to the processing performed by neural networks. In 
other words various weights may be assigned to dif- 
ferent inputs. Further, these weights may be changed 
by reprogramming from time to time as necessary to 
adjust to changing physiological conditions of the 
patient. 

Microprocessor 24 contains its own memory 25 
which includes a ROM (not shown) for storing a pro- 
gram to operate microprocessor 24 and a RAM (not 
shown) for temporary and computational storage. 
Parallel processor 26 and microprocessor 24 provide 
inputs to a therapy control unit 30 which selects 
appropriate therapy for the patient as described in 
more detail below. 

Apparatus 10 is powered by a battery 32. Micro- 
processor 24 monitors the voltage of battery 32 and 
when it is below a predetermined level microproces- 
sor 24 provides an end of life (EOL) battery signal to 
a telemetry and warning block 34 so that the patient 
may be made aware of this condition of the battery. 
Block 34 is bidirectional, i.e., the patient may wear a 
receiver (not shown) which responds to warning sig- 
nals from block 34. In addition, block 34 may receive 
signals from a programmer operated by a physician to 
reprogram apparatus 1 0 in any of its functions, includ- 
ing thresholds and weighting factors for the detection 
of Ml. 

Battery 32 also provides power for a sensor con- 
trol block 36 which provides processing capability for 
signals from up to three different types of sensors. 
These sensor types include a mechanical sensor 38, 
an ionic sensor 40 and a serum enzymatic sensor 42 
for sensing the conditions indicative of myocardial 
infarction, as discussed above. A signal output lead 
from block 36 is provided as an input to microproces- 
sor 24, which processes the signals from sensors 38, 
40 and 42. Thus, microprocessor 24 provides 
additional inputs to therapy control unit 30 so that the 
appropriate therapy may be selected not only on the 
basis of electrical signals from the heart but also on 
the basis of signals from transducers 38, 40 and 42. 

Therapy control unit 30 can select defibrillation 
therapy provided by a defibrillation block 44, 
bradycardia support pacing provided by pacing block 
46, antitachycardia pacing provided by antitachycar- 
dia block 48 or drug therapy initiated by drug therapy 
controller 50. In appropriate circumstances, a combi- 
nation of these therapies may be indicated. The deter- 
mination of which therapy or therapies to initiate is 
made by the logic arrangement of therapy control unit 
30 based on inputs from parallel processor 26 and 
microprocessor 24. For example, electrocar- 
diographic inputs and signals from sensors 38, 40 and 
42 may indicate that a drug should be administered. 
However, microprocessor 24 may be programmed to 
store in memory 25 appropriate flag values which indi- 
cate that a near toxic dose of a drug has been 
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administered in the recent past. Thus, microprocessor 
24 may inhibit the administration of additional quan- 
tities of the drug until a predetermined period of time 
has elapsed. 

Optionally, a drug therapy controller 50 controls a 
drug pump 52 which pumps drugs from a drug storage 
chamber 54 into the bloodstream through a catheter 
56, the distal end of which is preferably positioned in 
the bloodstream so that the drugs being pumped are 
rapidly and efficiently conveyed to the heart. A drug 
pump interface connector 57 serves as a loading port 
for the drug which is placed in apparatus 10 just prior 
to implantation. 

When a condition indicative of immediate danger 
to the patient, such as myocardial infarction, is indi- 
cated, telemetry and warning block 34 may also sup- 
ply a warning to the patient. This may be done by way 
of the receiver mentioned above, or by providing a low 
level muscle activiting shock to the patient. 

Referring to FIG. 2, a generic flowchart for the 
detection of myocardial infarctions is illustrated. At 
step 60 a baseline template for the patient is obtained 
of each of the sensor signals being used to monitor 
the condition. These may be the electrical signals 
from the heart, or the outputs of any one or more of 
sensors 38, 40 and 42 (FIG. 1). At step 62, a determi- 
nation is constantly made as to whether there has 
been any change in the signal being monitored of suf- 
ficient magnitude to indicate the possibility of the com- 
mencement of a myocardial infarction. If there has 
been no change, then branching occurs to step 64 
where the program waits for a predetermined period 
of time (N seconds) and branching back to step 60 
occurs. 

If there has been a change which indicates a 
possible myocardial infarction, then branching occurs 
to step 66 where a data log is activated. The data is 
stored in memory 28 of parallel processor 26 (FIG. 1). 
This data log produces another template at step 68. 
At step 70 a comparison of the template obtained at 
step 68 with the reference template (step 60) is made. 
If the comparison does not indicate a sufficient devi- 
ation in the nature of the template to warrant deliver- 
ing therapy, branching occurs from step 72 to step 74. 
If the comparison at step 70 indicated minimal devia- 
tion, then a determination is made at step 74 to obtain 
no additional data and branching occurs back to step 
60, where the original template is accessed. Monitor- 
ing continues as described above with respect to step 
62. 

If there is some deviation in the template when the 
comparison is made at step 70, but not enough to indi- 
cate that therapy should be initiated, then branching 
occurs from step 74 to step 68 where additional data 
is obtained as a result of continued datalogging. If the 
comparison at step 70 then indicates that a sufficient 
deviation in the template has occurred to warrant the 
delivery of therapy, branching from step 72 to step 76 



occurs where therapy is delivered. 

At a predetermined time after the delivery of 
therapy, a determination is made at step 78, as to 
whether the therapy has been successful in terminat- 

5 ing the infarction. If the answer is Yes, then operation 
is terminated and the system branches back to step 
60 where the stored template is obtained. However, 
if the answer is No, then branching occurs to step 80 
where a determination is made as to whether to 

10 repeat the therapy. If the answer to this inquiry is Yes, 
then branching occurs to step 72 and therapy is again 
delivered at step 76. If therapy has occurred for a 
maximum number of indicated times, such as a throm- 
bolytic drug having been dispensed in sufficient quan- 

15 tity to become nearly toxic, then the determination 
made at step 80 causes branching to step 82 where 
a decision is made as to whether or not to shut down 
the unit for purposes of delivering additional therapy 
for the infarct. If the answer is No, then branching 

20 occurs back to step 60 where the original template is 
obtained. However, if the answer is Yes such as when 
a toxic level of a drug has been administered, then 
branching to step 84 occurs where a predetermined 
wait period is initiated. This wait period may be up to 

25 several hours and will be, in the case of the adminis- 
tration of a drug, a period of time at least sufficient to 
allow the level of the drug in the bloodstream to drop 
below near toxic limits. After the wait at step 84, 
branching to step 68 occurs where a current template 

30 is obtained based on data logging. 

The flowchart of FIG. 2 contemplates that the 
apparatus according to the invention can 'learn a 
state" so as to adjust the baseline values to which a 
comparison is made to determine whether a myocar- 

35 dial infarction has taken place. There are several 
ways in which this can be done. However, the prefer- 
able manner of performing this function is to obtain a 
template at step 60 which is representative of the cur- 
rent values of the parameter being monitored and to 

40 update this template periodically. Thus, the baseline 
value is adjusted at step 60, but the comparison with 
a reference at step 70 is responsive to any reasonably 
rapid change in the parameters being monitored. 
In accordance with this concept, the baseline 

45 level of CPK-MB/total CPK ratio can be automatically 
adjusted. Further, the baseline level of the ion con- 
centration being monitored, such as k+ may be adjus- 
ted automatically in this manner. The mechanical 
sensor 38, which may be used to monitor wall move- 

50 ments or blood pressure also provides inputs to 
apparatus 10 to be processed in the manner rep- 
resented by the flowchart of FIG. 2 so that the 
baseline of comparison is constantly adjusted. 

Baseline values may be adjusted when monitor- 

55 ing for Q-wave changes, R-wave amplitude changes 
or changes in the ST segment of the electrogram or 
electrocardiogram. For example, the ST segment is 
periodically sampled and always compared to the pre- 
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vious measurement. 

In order to sample the R-wave it is necessary to 
change the characteristics of filter 22 (FIG. 1) when Ml 
is present. The following criteria is used: 

1. X out of Y of the previous cardiac cycle inter- s 
vals are less than a predetermined length; and 

2. R-wave amplitude has increased by at least 50 
percent for a minimum of 10 minutes. 

When these conditions have been met, the 
characteristics of filter 22 are changed so that it has w 
a pass band between 0.5 and 5Hz. A template of the 
R-wave is made and the condition is monitored con- 
tinuously. An alarm is then sounded if the following 
conditions are present: 

A. X out of Y intervals are not shorter than a pre- 1 5 
determined length; 

B. The ST segment continues to change away 
from the normal; and 

C. The R-wave amplitude decreases. 

During the time that the characteristics of filter 22 20 
is changed to have a pass band of between 0.5 and 
5Hz, if the X out of Y criteria for tachycardia is present, 
the sample is saved and the filter is returned to the 
standard 50 to 60Hz pass band. The system then 
goes into a VTA/F detection mode and, if necessary, 25 
appropriate antitachyarrhythmia therapy is supplied. 
If a shock has been delivered, and the arrhythmia has 
been cleared, then monitoring with filter 22 in the 50 
to 60Hz pass band mode continues for 2 minutes. The 
system then monitors appropriately as described 30 
above. 

FIG. 3 illustrates an external system (as opposed 
to the implanted system of FIG. 1) in accordance with 
the invention. A patient 90 is connected to a blood 
sampling device 92 by means of an appropriate cathe- 35 
ter 94. The blood taken from a patient is then chemi- 
cally analyzed in a chemical analyzer 96. Data 
concerning its composition is placed on a data bus 98. 

The patient is connected to an ECG interpretation 
block 1 00 by means of ECG leads 1 02. The ECG sig- 40 
nals are processed and digital data representative of 
the ECG is also placed on bus 98 at the appropriate 
time by block 100. 

The patient is also connected to a wall motion 
abnormality detector 1 04 by electrical leads 1 06 to a 45 
motion transducer 107 of a type described above. 
Digital data representative of the wall motion is placed 
on bus 98 at an appropriate time. Data from chemical 
analyzer 96, ECG interpretation block 100, and wall 
motion abnormality detector 104 are provided to a so 
central control unit and data logger 108 by bus 98. 
Patient data may be continuously recorded on a 
recording medium such as magnetic tape 109 or in a 
large computer memory (not shown) in data logger 
108. The receipt of appropriate data by data logger 55 
108, which is powered by a power supply 110, acti- 
vates an appropriate therapy delivery device. The 
therapy delivery devices include a drug pump control 



112 which controls a pump 114 to provide predeter- 
mined doses of medication to the patient 90 through 
an intravenous tube 116. Quantities of the drug or 
drugs to be dispensed are stored in a reservoir 118 
associated with pump 114. 

Unit 1 08 can also activiate a control line to a defib- 
rillator 1 20 and to a a pacemaker 1 22. Pacemaker 1 22 
is preferably of the type which provides antitachycar- 
dia pacing and bradycardia support pacing. Defibril- 
lator 120 may be any of several types well known in 
the art. For this external system, transthoracic defib- 
rillation may be performed. 

The operation of the system of FIG. 3 is similar to 
that of FIG. 1. The chemical analyzer 96 may include 
ionic and serum enzymatic sensors similar to those 
used in the system of FIG. 1. 

Referring to Fig 4, ECG detection of an Ml as 
demonstrated in an LAD model in animals is illus- 
trated, the traces illustrated therein are arranged in a 
matrix wherein the columns, from left to right, repre- 
sent the pre-MI condition, the condition 5 minutes 
after the commencement of an Ml, and the condition 
20 minutes after the commencement of an Ml. The 
rows, from top to bottom, represent the atrial I ECG or 
electrogram, the cardiac surface electrogram, the 
ventricular electrogram, and finally the surface ECG. 

It will be noted that there are virtually no changes 
in the atrial electrogram. However, there are profound 
changes in the cardiac surface electrogram from the 
pre-MI condition to the condition at 5 minutes. There 
is an amplitude decrease and there are changes in the 
ST segments of the electrogram. On the other hand, 
the ventricular electrogram and the surface ECG 
remain esentially unchanged at the 5 minute point. 
However, at the 20 minute point the R-wave of the car- 
diac surface electrogram shows increased amplitude 
and ST depression is present as well as a change in 
morphology. At 20 minutes, some amplitudes change 
as well as ST depression is noted in the ventricular 
electrogram. The surface ECG also exhibits marked 
ST depression at the 20 minute point. 

This invention applies to antitachyarrhythmia 
devices capable of delivering one or more cardiover- 
sion or defibrillation shocks as well as to devices 
which deliver antitachycardia pacing pulses alone or 
in combination with cardioversion or defibrillation 
shocks. The antitachycardia pacing may be delivered 
to the atrium, the ventricle, or to both the atrium and 
the ventricle. 

Although the invention has been described with 
reference to particular embodiments, it is to be under- 
stood that these embodiments are merely illustrative 
of the application of the principles of the invention. 
Numerous modifications may be made therein and 
other arrangements may be devised without depart- 
ing from the spirit and scope of the invention. 
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Claims 

1 . An apparatus for treating a patient who is at risk 
of suffering a myocardial infarction comprising: 

means for sensing electrical activity of the 
patient 1 s heart; 

means responsive to electrical activity 
sensed by said sensing means for recognizing a 
myocardial infarction; and 

means for supplying a thrombolytic drug to 
the patient when said recognition means recog- 
nizes a myocardial infarction. 

2. The apparatus of claim 1 , further comprising: 

means for sensing fibrillation of the heart; 

and 

means for supplying defibrillation therapy 
to the heart when said fibrillation sensing means 
senses fibrillation. 

3. The apparatus of claim 1, where said recognition 
means further recognizes a condition of tachycar- 
dia, further comprising means for supplying anti- 
tachycardia pacing pulses to the heart when said 
recognition means recognizes a tachycardia con- 
dition. 

4. The apparatus of claim 1, wherein said recogni- 
tion means further recognizes a condition of 
bradycardia, further comprising bradycardia sup- 
port pacing means for pacing the heart when said 
recognition means recognizes a bradycardia con- 
dition. 

5. The apparatus of claim 1 , further comprising at 
least one of: 

a mechanical sensor responsive to 
mechanical activity of the heart; 

an ionic sensor responsive to concen- 
tration of a selected ion in the patient's blood; 

a serum enzymatic sensor responsive to a 
selected serum enzyme in the blood; and 

sensor signal processing means for pro- 
cessing signals from said at least one sensor to 
provide an input to said recognition means to sup- 
plement said sensed electrical activity and 
thereby aid said recognition means to recognize 
a myocardial infarction. 

6. An apparatus for treating a patient suffering from 
heart disease comprising: 

means for sensing electrical activity of the 

heart, 

means for storing a representation of a 
selected portion of the sensed electrical activity 
indicative of baseline heart function, 

means for comparing subsequent sensed 
electrical activity with said representation of 



baseline heart function; and 

means for selecting a therapy means for 
the heart from a plurality of available therapy 
means based upon the manner in which the sub- 
5 sequent sensed electrical activity differs from 

said representation of baseline heart function; 
said plurality of therapy means including: 

i) means for supplying defibrillation shocks; 

ii) pacing means for supplying antitachycardia 
w pacing pulses; 

iii) bradycardia support pacing means; and 

iv) means for supplying a drug to the patient. 

7. The apparatus of claim 6, wherein said electrical 
is activity sensing means includes at least one lead 

for receiving an electrogram from the heart. 

8. The apparatus of claim 6, including housing 
means surrounding said apparatus, said housing 

20 means being for implantation. 

9. The apparatus of claim 6, wherein said drug 
therapy means includes a drug storage means for 
storing drugs to be supplied to the heart. 

25 

10. The apparatus of claim 9, wherein said drug stor- 
age means stores at least one of a thrombolytic 
drug and an antiarrhythmic agent. 

30 11. The apparatus of claim 6, further comprising at 
least one of: 

a) means for sensing mechanical activity of 
the heart; and 

b) means for sensing biochemical changes 
35 indicative of a change in the condition of the 

heart; 

wherein said storing means also stores 
data representative of at least one of mechanical 
and biochemical baseline function of the heart; 
40 said comparing means compares data 

representative of at least one of subsequent 
mechanical and biochemical function with res- 
pective stored data; and 

said therapy selection means also is res- 
45 ponsive to comparisons of said stored and subse- 

quent data representative of at least one of 
mechanical and biochemical function. 

12. An Apparatus for detecting the presence of a 
so myocardial infarction comprising: 

a) means for sensing electrical activity of the 
heart; 

b) a mechanical sensor means for sensing 
heart function and for providing a signal indi- 

55 cative thereof; 

c) a biochemical sensor means for sensing a 
change in blood chemistry associated with a 
myocardial infarction and for providing a sig- 



5 



10 



25 

10. 



30 11. 



35 



40 



12 



21 EP 0 467 

nai indicative thereof, 

d) means responsive to said electrogram and 
said signals for recognizing a myocardial 
infarction; and 

e) means for alerting the patient when said s 
recognizing means recognizes a myocardial 
infarction. 

13. The apparatus of claim 11 or 12, wherein said 
mechanical sensor means comprises at least one 1 o 
of a heart wall motion detector and a blood press- 
ure sensor. 

14. The apparatus of claims 11 or 12, wherein said 
biochemical sensor means includes at least one 15 
of an ionic sensor and a serum enzymatic sensor. 

15. The apparatus of claim 14, wherein said ionic 
sensor responds to potassium ions. 

20 

16. The apparatus for claim 14, wherein said serum 
enzymatic sensor responds to changes in CPK- 
MB level. 

17. The apparatus of claim 12, further comprising 25 
means for applying therapy for treating a myocar- 
dial infarction when said detecting means detects 

a myocardial infarction. 

18. The apparatus of any one of claims 1, 6 or 12 30 
wherein said means for sensing electrical activity 

of the heart is responsive to changes in at least 
one of R-wave amplitude and ST segment volt- 
age level. 

35 

19. A method for automatically monitoring the heart 
condition of a patient and administering a drug to 
treat myocardial infarction of the patient's heart 
comprising the steps of: 

detecting the presence of myocardial 40 
infarction; and 

providing therapy to the heart automati- 
cally to minimize the effect of said myocardial 
infarction; said therapy including releasing a 
thrombolytic drug into the bloodstream. 45 

20. The method of claim 19, further comprising: 
detecting the presence of fibrillation; and auto- 
matically providing defibrillation therapy to the 
heart so 

21. Themethodof step 19, further comprising detect- 
ing the presence of tachycardia; and providing 
antitachycardia pacing to the heart automatically 
when tachycardia is detected. 55 

22. The method of step 20, further comprising detect- 
ing bradycardia, and providing bradycardia sup- 
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port pacing to the heart when bradycardia is pre- 
sent. 

23. The method of claim 19, wherein said step of 
detecting myocardial infarction comprises at least 
one of the following steps: 

detecting changes in electrical activity of 
the heart; 

detecting changes in mechanical activity 
of the heart; 

detecting changes in concentration of an 
ion in the patient's blood; and 

detecting changes in concentration of 
serum enzymes in the blood. 

24. The method of claim 19 wherein said step of 
detecting myocardial infarction comprises: 

detecting changes in the electrical activity 
of the heart including at least one of change in R- 
wave amplitude and change in ST segment volt- 
age level. 
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